Ticarcillin, carbenicillin and BL-P1908, a new anti-pseudomonal semisynthetic penicillin, were subjected to several in vitro comparisons-including minimal inhibitory and lethal concentrations (MIC and MLC), effects of inoculum size, effects of buffering the media and regression analyses of MIC and disc diffusion data. Whereas ticarcillin and carbenicillin showed comparable spectra of activity, with ticarcillin being more active against Pseudomonas aeruginosa and many Enterobacteriaceae, BL-P1908 exhibited a quite different spectrum, being much more active than either or the other two drugs against P. aerrrginosa and Streptococcus faecalis, but virtually inactive against most of the Enterobacteriaceae.
Ticarcillin, carbenicillin and BL-P1908, a new anti-pseudomonal semisynthetic penicillin, were subjected to several in vitro comparisons-including minimal inhibitory and lethal concentrations (MIC and MLC), effects of inoculum size, effects of buffering the media and regression analyses of MIC and disc diffusion data. Whereas ticarcillin and carbenicillin showed comparable spectra of activity, with ticarcillin being more active against Pseudomonas aeruginosa and many Enterobacteriaceae, BL-P1908 exhibited a quite different spectrum, being much more active than either or the other two drugs against P. aerrrginosa and Streptococcus faecalis, but virtually inactive against most of the Enterobacteriaceae.
However, the MIC/MLC disparity against P. aeruginosa was much greater for BL-P1908 than for the other two drugs. The increase in MIC's resulting from increasing the inoculum sizes was comparable for the three drugs. The regression analyses showed good correlations between the disc diffusion and MIC data for all three drugs. Based on the regression analyses we conclude that for the 100-meg carbenicillin disc the NCCLS recommended zone size breakpoints for P. aerrrginosa should be utilized for all organisms, and that if a single disc should be selected as a representative for these two currently available antipseudomonal penicillins, the 75-meg ticarcillin disc gave slightly better correlations with the MLC data of both drugs than the 100 meg carbenicillin disc. Anti Tests were performed in MHB (pH 7.3) and in buffered MHB (BMHB), which was prepared by adding one part phosphate buffer (pH 7.2) to nine parts MHB to give a final pH of 7.3.
The effect of varying the inoculum size was studied with 98 isolates. The cell suspensions were adjusted to give final inocula of 103, 105 and 107 CFU/ml.
The bactericidal activity was determined by subculturing approximately 5 mcl from each well of a MIC tray (previously inoculated and incubated) to 15 cm petri plates containing MUELLER-HINTON agar (SMC) or trypticase soy agar with 4 % rabbit blood (CDC) with a disposable inoculator. After 24 hours incubation at 35°C the MLC was read as the lowest concentration which yielded no more than 0.1 % survivors (99.9 % kill).
Agar diffusion susceptibility testing was carried out as previously discribed by BAUER, et al. 15 ) and modified by the NCCLS Subcommittee for Antimicrobial Susceptibility Tests"'.
The MIC/zone size regression data were computer analyzed at CDC. Discs contained 75 mcg of ticarcillin, 100 mcg of carbenicillin or 20 mcg of BL-P1908.
Results
The MIC results at SMC and CDC laboratories against the same organisms were the same ± 1 dilution for ticarcillin (94%), carbenicillin (96%) and BL-P1908 (95%). The agar diffusion zone sizes obtained on the same organisms at CDC and SMC were the same ± 7 mm in 96%, 98% and 97 %. of instances for ticarcillin, carbenicillin and BL-P1908 respectively. The zone sizes at SMC averaged 2 mm greater than at CDC. A 3 -4 mm change in zone size corresponds to a single doubling dilution interval in MIC values (Fig. 1) . A variation of ± 1 dilution interval in MIC values would correspond to a range of 6 -8 mm in zone diameter.
Minimal
Inhibitory Concentrations
The MIC's of the three drugs against the 392 strains are summarized in Table 1 . Ticarcillin and carbenicillin exhibited comparable spectra against gram-negative organisms, with ticarcillin tending to show slightly greater activity against several species of the Enterobacteriaceae and a more pronounced activity against P. aeruginosa. BL-P1908, on the other hand, showed very poor activity against the Enterobacteriaceae (except for P. mirabilis), but had the best activity of the three drugs against P. aeruginosa, with a modal MIC of I mcg/ml (compared to 16 mcg/ml for ticarcillin and 64 mcg/ml for carbenicillin). Against gram-positive strains ticarcillin and carbenicillin were generally comparable.
BL-P1908, on the other hand, showed generally poorer activity against staphylococci, but greater activity than the other two drugs against streptococci, especially S. faecalis against which it had a modal MIC of 4 mcg/ml i-s 64 mcg/ml for the other two drugs. Ampicillin-resistant H. influenzae and methicillinresistant S. aureus exhibited significantly greater resistance to the three study drugs than did their susceptible counterparts, with virtually no overlapping of the MIC ranges.
Inoculum Size Effects
The effects of varying inoculum size is summarized in Table 2 . The change from 103 to 105 CFU/ ml had relatively little effect on MIC's since over 90% of tested strains showed no MIC change or the MIC's were increased by only one concentration. A more pronounced effect occurred with increasing the inoculum size from 101 to 107 CFU/ml, where an increase in MIC of 4 or more doubling concentrations was necessary to include 90% of the strains tested.
Minimal Lethal Concentration
Bactericidal concentrations of the three study drugs for 98 strains are tabulated in Table 3 . Assuming a drug is bactericidal if the MLC is no more than 2 doubling concentrations higher than the MIC , VOL. XXX NO. 12 THE JOURNAL OF ANTIBIOTICS then ticarcillin, carbenicillin and BL-P1908 were bactericidal for 80%, 86% and 78% of the strains tested. Pseudomonas accounted for virtually all organisms that escaped the bactericidal activity of these drugs. 
Discussion
The in vitro susceptibility test results showing greater activity of ticarcillin than carbenicillin against P. aeruginosa and to a lesser extent against many species of Enterobacteriaceae support the findings of previous studiess6-13). BL-P1908, while showing little activity against most of the Enterobacteriaceae, exhibited striking activity against P. aeruginosa and S , faecalis, having a modal MIC 1/16 of that of ticarcillin against these two organisms.
Since the achievable blood levels and other pharmacological properties of BL-P1908 are not available to us at this time , the significance of this increased activity by weight remains speculative .
There were relatively minor differences among the three antimicrobics with respect to the eff ect of inoculum size (Table 2) , the effect of prolonged incubation (Table 4) and the compari son of MIC THE  JOURNAL  OF ANTIBIOTICS  DEC. 1977 and MLC (Table 3) . BL-P1908 generally was least affected by inoculum size, but was most affected by prolonged incubation and showed the greatest MIC/MLC disparity, especially with P. aeruginosa. This renders suspect the apparent advantage of the lower MIC of BL-P1908 against P. aerugiuosa. The effect of pH changes in the in vitro system on the MIC of ticarcillin and carbenicillin has been previously shown.17) The activity of both drugs was found to be less at pH 6.4 than at 7.2. An attempt to evaluate the possible effect of pH changes occurring in the test system was made by comparing MIC's and zone size data in standard MUELLER-HINTON media with MUELLER-HINTON media buffered at pH 7.3. There were virtually no differences in endpoints between the two media with ticarcillin and carbenicillin. With BL-P1908, 14% of BMHB endpoints were >2 dilution steps lower than MIC endpoints in MHB and 7 % of the tests in BMHB were higher than those in MHB. For the two currently available drugs, ticarcillin and carbenicillin, it appears safe to say that buffering the MUELLER-HINTON media offers no advantage over the standard in vitro susceptibility testing to these drugs.
The regression analyses (Tables 5 and 6 , Fig. 1 ) reveal good correlations between the zone sizes and MIC's for all three drugs. Since serum levels of BL-P1908 are not available to us, no attempt was made to determine optimal zone size breakpoints for susceptible, intermediate and resistant organisms.
Difficulties in interpreting agar diffusion disc zone sizes for carbenicillin and ticarcillin can be appreciated from Table 6 . The NCCLS16) recommended carbenicillin breakpoints for resistance are 13 mm and 17 mm for Pseudomonas and non-Pseudomonas microbes respectively. The respective susceptible breakpoints are 17 and 23 mm. This double standard is not only confusing, but also unnecessary. We agree with PARRY and NEU12' that the recommended carbenicillin breakpoints for Pseudomonas are quite adequate for the Enterobacteriaceae. In our series only one of 117 non-Pseudomonas gram-negative strain with a zone of 17 mm or greater had a MIC of more than 64 mcg/ml. Likewise only one of 50 such strains with zone sizes of 13 mm or less had a MIC of 64 mcg/ml or less. The a Ticarcillin zone size breakpoints recommended by PARRY and NEU' ); MIC correlates: >_128 mcg/ml for resistant and <64 mcg/ml for susceptible. b Carbenicillin zone size breakpoints recommended for Pseudomonas by NCCLS11j; MIC correlates: >_256 mcg/ml for resistant and _<128 mcg/ml for susceptible. c Carbenicillin zone size breakpoints recommended for non-Pseudomonas by NCCLS11); MIC correlates: > _ 32 mcg/ml for resistant and < 16 mcg/ml for susceptible.
NCCLS16 MIC correlates of <16 and >32 mcg/ml for susceptible and resistant among the Enterobacteriaceae appear to be unrealistically low. We feel that corresponding correlates of <64 and > _ 128 mcg/ml are more in line with levels achieved in current dosage schedules . Furthermore, over 90% of non-Pseudomonal gram-negative rods with carbenicillin zone sizes of > 17 mm actually have MIC's of 16 mcg/ml or less.
With respect to the 75-mcg ticarcillin disc , we find the breakpoints recommended by PARRY and NEU12, to quite satisfactorily discriminate between susceptible and resistant isolates if MIC corresponding correlates of <64 mcg/ml and > _ 128 mcg/ml respectively are used. These MIC correlates for ticarcillin, being half those for carbenicillin, are more appropriate since the current recommended dosage (Hospital Formulary Information, Beecham Laboratories, Bristol, Tennessee) and hence the serum levels achieved are nearly half those of carbenicillin. As in the case of carbenicillin , our data support the position of having a single set of zone size criteria for all organisms rather than having two sets of criteria-one for Pseudomonas and one for Enterobacteriaceae.
A method of evaluating the effectiveness of agar diffusion zone size criteria is to determine the frequency of so-called "major errors" and "very major errors". Major errors are defined as susceptible organisms by MIC interpreted as resistant by zone size criteria; very major errors are resistant organisms by MIC interpreted as susceptible by zone size criteria. By these definitions the data in Table 6 yield the following results for very major and major errors respectively: ticarcillin 75-mcg disc vs ticarcillin MIC-2(0.7%) and 4(1.4%); ticarcillin 75-mcg disc vs carbenicillin MIC-4(l.4%) and 1 (0.4%); carbenicillin 100-meg disc vs carbenicillin MIC-6(2.2 %) and 1 (0.4%) , and carbenicillin 100-mcg disc vs ticarcillin MIC-1(0.4 %) and 8(2.9%). These would appear to be within acceptable limits. If a single disc should be required as a representative for both drugs, the ticarcillin 75-mcg disc gave fewer major and very major errors for both drugs than did the carbenicillin disc, and hence would be slightly preferable.
